Abstract This study was conducted to determine the effect of calcium salts of fatty acids (CSFA) on fatty acid profile of milk of "Sahiwal" cows and suitability of milk with modified fatty acids in the formulation of ice cream. Fatty acid profile of cow milk was modified by feeding CSFA to eighteen randomly stratified "Sahiwal" cows of first and early lactation divided into three groups. CSFA were offered at two different levels i.e. T 1 (150 g per cow per day) T 2 (300 g per cow per day) both treatments were compared with a control (T 0 ) without any addition of calcium salts of fatty acids. Iso caloric and iso nitrogenous feeds were given to both experimental groups and control. Concentrations of short chain fatty acids in T 0 , T 1 and T 2 were 9.85±0.48a, 8.8±0.24b and 7.1±0.37c %, respectively and the concentrations of C18:1 and C18:2 increased (P<0.05) from 27.6±1.32b % to 31.7±1.68a % and 2.15±0.09b % to 2.79±0.05a %, respectively, at T 2 level. Incorporation of milk fat of T 1 and T 2 (modified fatty acids profile) in ice cream did not have any adverse effect on pH, acidity and compositional attributes of ice cream. Viscosity of T 1 was 67.94±3.77a as compared to (T 0 ) control 68.75±2.46a (CP). Firmness of experimental samples and control were almost similar (P>0.05) overall acceptability score of T 2 was 7.1±0.28b out of 9 (total score) which was more than 78±2.92 %. It was concluded that CSFA may be successfully incorporated up to T 2 level (300 g per cow per day) into the feed of "Sahiwal" cows to produce milk with higher content of unsaturated fatty acids and it may be used in the formulation of ice cream with acceptable sensory characteristics and increased health benefits.
Introduction
Milk fat is one of the most important functional ingredient in ice cream and responsible for desirable physico-chemical and sensory characteristics (Adhikari and Aurora 1994) . Milk fat is characterized by higher content of saturated fatty acids (65-68 %) which have many health risks (McSweeney and Fox 2003) . Myristic and lauric acids are atherogenic, and increase the risk of cardio vascular disease by increasing blood cholesterol and low density lipo proteins while oleic, linoleic and linolenic are beneficial for health and increase the beneficial HDL cholesterol (Mathur et al. 1999) . Milk is a risk factor for coronary heart disease because of higher content of saturated fatty acids (Tavani et al. 2002) . Cardio vascular disease is the biggest global cause of death for mankind, with an estimated 17 million deaths per year, which are predicted to reach 25 millions by the year 2020. It is the number one cause of deaths in the U.S., U.K., Australia and Europe (BHF 2005) . The World Health Report estimated that 85 % of the deaths in low and middle-income countries are due to cardiovascular disease (EHN 2005) . One in every three persons over the age of 45-years suffers from hypertension (Nishtar 2002) . Milk fat composition may be altered by means of feeding and it is possible to significantly increase the content of unsaturated fatty acids and bioactive compounds through manipulation in feeding regime (Ashes et al. 1992 ). These strategies include enrichment of the feed stuffs with vegetable oils or oil seeds for example canola, soybeans, sunflower, linseeds, calcium salts of fatty acids etc. (AbuGhazaleh and Holmes 2009) . Microbial activity in the rumen causes bio hydrogenation of unsaturated fatty acids. Calcium salts of fatty acids (CSFA) may be used as viable protection of unsaturated fatty acid from rumen bio hydrogenation and transesterification (Moate et al. 2004) . Present study was designed to find out the effect of CSFA on fatty acid profile of "Sahiwal" cows and suitability of milk with modified fatty acids in the formulation of ice cream on the basis of some physicochemical and sensory attributes.
Materials and methods
Raw materials Calcium salts of fatty acids (CSFA) were procured from Millac, Karachi, feed ingredients were obtained from grain market of District Okara, skim milk powder, glycerol mono stearate, sunset yellow color, vanilla flavor and cane sugar were procured from market of Lahore.
Animals feeding Eighteen Sahiwal cows of first and early lactation were randomly divided into three groups at Livestock Production Research Institute Bahadur Nagar, Okara and were randomly assigned to two different treatments in a completely randomized design. Each group was comprised of 6 cows managemental practices, drinking water facility, number of stalls, barn conditions etc. were same for each group. CSFA were fed at two different levels i.e. T 1 (150 g per cow per day) T 2 (300 g per cow per day) both treatments were compared with a control (T 0 ) without any addition of CSFA. Iso caloric and iso nitrogenous feed was given to each group (Table 1) . Milk samples were collected after 14-days of adjustment period, milk of morning and evening were proportionately mixed for fatty acid profile analysis and ice cream manufacturing.
Manufacturing of ice cream Ice cream was manufactured by following the formulation of Potter and Hotchkiss (1998) . Milk was passed through the cream separator (APV) to separate the milk into fat (35 %fat) and skim milk. This experiment was involved in the manufacturing of three different types of ice creams i.e. T 1; from milk of cows fed with CSFA at the rate of 150 g per cow per day, T 2; from milk of cows fed with CSFA at the rate of 300 g per cow per day, T 0; from milk of cows fed on normal concentrate i.e. without calcium salts of fatty acids. Formulation of all types of ice cream was comprised of 10 % fat, 11 % milk solids not fat, 15 % sugar and 0.5 % stabilizer and emulsifier. Vanilla flavor and color was added at the rate of 1 mL/l mix in all the treatments and control. Each treatment was replicated three times.
Analysis Fatty acids profile was determined as fatty acid methyl esters, 300-μL melted and well mixed sample was taken into 11-mL screw capped test tube, dissolved in 3-mL isooctane and 2-mL 1.5 N sodium methoxide was added vortexed at higher speed for exactly 3-min, allowed to separate for 5 min and the supernatant was injected into Gas Chromatograph model Shmidzu, Japan 17-A, fitted with a methyl lignoserate-coated (film thickness 0.25 l m), SP-2330 (SUP ELCO Inc. Supelco Park Bellefonte, PA 16823-0048, USA) polar capillary column (30 m×0.32 mm) using flame ionization detector as per of Sukhija and Palmquist (1988) . Fat, protein and total solids were determined by using the respective protocols as prescribed in AOAC (2000) (method# 984.15, 991.20, and 990.19) . Ash content was determined by following the method of Morris (1999) pH and acidity of milk were determined by following the methods of Ghatak and Bandyopadhyay (2007) . The viscosity readings were taken after ageing the mix at 4°C for 24 h. The overrun was determined as per method of Potter and Hotchkis (1998) .
Sensory evaluation
The ice cream samples were frozen to −18°C for 2 h before serving. All the samples were coded with a 3 digit random numbers and servings were fully randomized. Ice cream was evaluated for color, taste, firmness and overall acceptability. The sensory evaluation of triplicate samples was carried out by a panel of five trained judges using 9-point Hedonic scale (1-the worst; 9-the best) as stated by Larmond (1987) .
Statistical analysis
The statistical analysis of the data (triplicate replicate of each treatment) was conducted by analysis of variance technique as prescribed by Steel et al. (1997) by using completely randomized design and significant difference among the treatments was made by using T-Test.
Resutls and discussion
The results of Table 2 showed that feeding CSFA significantly (P<0.05) decreased the concentrations of short chain fatty acids at T 1 and T 2 level (150 and 300 g CSFA per cow per day). Concentrations of short chain fatty acids (C4 to C10) decreased from 9.8±0.48a % to 8.7±0.24b % and 7.1±0.37c % in T 1 and T 2, respectively. Decrease in short chain fatty acids at T 1 and T 2 was 10.9±0.21 % and 28.0±0.35 %, respectively. The probable reason for lower concentrations of short chain fatty acids in the experimental samples was due to the presence of higher concentrations of long chain fatty acids (oleic acid 44 % and linoleic acid 9.5 %) in CSFA which significantly contributed in this phenomenon. The concentration of atherogenic acids; lauric and myristic was decreased by 48.14±0.35 and 8.6±0.15 %, respectively at T 2 level. Feeding CSFA decreased (P>0.05) the concentration of cholesterol from 34.15±0.11 to 10.89±0.05 mg/100 mL which was 68.11 % less than the control. Fahey et al. (2002) studied the effect of feeding CSFA on cholesterol content of milk and reported that about 60 % was decreased when cow's ratio in was augmented with CSFA. Similar findings were described by AbuGhazaleh et al. (2001) and Whitlock et al. (2002) . CSFA are commercially manufactured from the deodorizer distillate obtained during refining of vegetable oils (palm oil, soybeans, sunflower oil, canola etc.) and has higher concentrations of long chain fatty acids (Fereidoon 2005) . Elliott et al. (1996) investigated the role of calcium salts of palm fatty acids in the modification of fatty acid composition of milk of Friesian cows and reported that augmentation of feed with CSFA at 300 g/cow/day significantly (P<0.05) lowered the concentrations of short chain fatty acids and momentously increased (P<0.05) the content of long chain fatty acids of milk. Palmquist et al. (1993) studied the effect of rumen by pass fat on milk fat composition and recorded an increase in the concentration of long chain fatty acids. Feeding calcium salts of fatty acid increased (P<0.05) the content of long chain fatty acids at both T 1 and T 2 level (150 and 300 g CSFA per cow per day). The concentrations of C18:1 and C18:2 greatly increased (P<0.05) from 27.69±0.05b % to 31.67±1.68a % to and 2.15±0.09b % to 2.79±0.05a %, respectively at T 2 level (CSFA-300 g per cow per day). Fahey et al. (2002) while studying the effect of CSFA on milk fatty acid profile of Holstein-Friesian cows reported that augmentation of CSFA momentously increased (P<0.05) the concentrations of long chain fatty acids in the milk. Similar results were reported by (Griinari et al. 1999; Abu-Ghazaleh et al. 2001 and Whitlock et al. 2002) . Ashes et al. (1992) investigated the effect of formaldehyde treated canola seeds on fatty acid composition of milk and found that concentrations of C16:0, C14:0 and C12:0 was momentously (P<0.05) lower than control and the content of monounsaturated fatty acids in milk was increased by 54 %. The momentous increase in monounsaturated fatty acid was attributed to the higher concentrations of oleic acid in canola seed (54-58 %). Tymchuk et al. (1998) incorporated heated canola seeds into the feed of cows and observed that palmitic acid was decreased by 15 % and oleic acid was increased by 14 % in milk. From the results of Table 3 it is evident that milk with modified fatty acids profile did not have any significant effect on compositional attributes, pH and acidity of ice cream. pH and acidity of control and T 2 (300 g CSFA per cow per day) was 6.65, 6.73 and 0.17, 0.18 %, respectively. The non significant variation (P>0.05) in the compositional attributes of the ice cream was probably due to the care taken in formulation, identical manufacturing process and identical formulation. Nadeem et al. (2010) investigated the effect of high oleic rape seed oil on quality of ice cream and reported non significant variation in composition, pH and acidity among all the experimental samples and control. Abdou et al. (1996) studied the influence of palm kernel oil on physico-chemical characteristics of ice cream and did not observe significant variation (P>0.05) in composition of ice cream. Abdullah et al. (2003) reported that pH of ice cream samples, prepared by replacing skim milk powder with soya milk was in the range of 6.7 to 6.71. pH and acidity are good parameters for the quality assessment of dairy products, indirectly represents the microbiological quality of dairy foods. Lower pH values indicate higher bacterial load, poor customer acceptability and keeping quality. Fat contributes in flavor and body of ice cream, also concentrated source of energy and one of the main energy providers in ice cream. US standards describe that ice cream should contain at least 10 % fat (Guinard et al. 1996) , thus the results of this study are in line with US regulations. Protein in ice cream is directly associated for the holding of air molecules during the whipping process and also confer useful contribution in body and texture of ice cream. Ice cream should contain at least 3.28 % protein for reasonable texture and acceptable sensory characteristics (Keller et al. 1987) . The protein content of all the samples and control are more than the said limit of 3.28 %.
Viscosity of ice cream is related with aeration process, higher the viscosity of mix, better would be the entrapment of air (Potter and Hotchkiss 1998) . Control sample exhibited the highest values of viscosity (68.75±2.46a CP) which progressively decreased from T 1 to T 2 (67.94±3.77a to 62.39±1.52b CP). Viscosity of control and T 1 were at par with each other (P>0.05). Control has higher concentrations of saturated fatty acids while T 1 and T 2 have higher concentrations of unsaturated fatty acids. Viscosity greatly depends upon the ratio of solid to liquid fat (Kaylegian and Lindsay 1995) . Saturated fatty acids have higher melting point than unsaturated fatty acids, higher proportions of long chain fatty acids means fats would have lower melting point (Fereidoon 2005) . Modified milk fat (containing higher concentrations of unsaturated fatty acids) have lower solid fat index which is of great importance for the physical properties of ice cream mix (Gonzalez et al. 2003) . Viscosity also depends upon the ingredients and processing conditions, type of fat globules and interaction with stabilizer and major ingredients especially sugar. Im and Marshall (1998) in an attempt to incorporate unsaturated fatty acids in ice cream replaced milk fat with canola and soybean oils and reported lower values of viscosity in experimental samples than the control and attributed it to lower contents of saturated fatty acids and higher contents of unsaturated fatty acids in ice cream mix. Nadeem et al. (2010) recorded lower viscosity when milk fat was partially replaced with high oleic rape seed oil in low fat ice cream.
As can be seen from the results of Table 3 that addition of modified milk fat (obtained from cows fed on CSFA; 150 and 300 g CSFA per day per cow respectively) in ice cream decreased overrun at both T 1 and T 2 levels. Overrun of T 2 (75.2±1.91b %) was significantly (P<0.05) less than control (80.65±3.36a %) while overrun of T 1 (79.4±2.87a) was not different from the control. The decline in overrun of the experimental samples could be attributed to the higher concentrations of long chain unsaturated fatty acids and lower proportions of saturated fatty acids. Nadeem et al. (2010) incorporated oleic acids in ice cream through high oleic rape seed oil and observed a significant decline in overrun of the (1998) . The overrun of T 2 was more than the lower prescribed limits. Abdullah et al. reported overrun of ice cream prepared from skim milk and soya milk blends in the range of 80-82 %. Siddique et al. (1988) used guar gum as stabilizer in the formulation of ice cream and observed that values of overrun ranged from 74-85 % at different concentrations of the stabilizer. Thus the results of current study are in close asociación with the findings of other researchers. Melting time of ice cream is directly associated with melting point and solid fat content of the fats. The slip melting point of control, T 1 and T 2 as measured in capillary tubes was 34.8, 33.5 and 31.5°C, respectively. The lower melting points of the experimental samples were due to the presence of higher content of unsaturated fatty acids (Table 2 ). Melting time of both the treatments were less than control at 22-25°C (Table 3 ). Melting time of T 1 and control was at par with each other (P>0.05). Melting time of control was 16.5 min as compared to T 2 (15.35 min). Higher melting time of control could be attributed to the relatively higher melting point of milk fat. Gonzalez et al. (2003) studied the effect of using milk with modified fatty acids through ruminal diet manipulation on physico-chemical quality of ice cream and reported that melting time of ice cream made from milk with higher concentrations of linolenic acid was lower as compared to control the time recorded for first ice cream drip to occur in high linoleic acid cream was 14.75 min as compared to control 16.60 min. Melting time of the ice cream is directly dependent upon the melting point of fats, fats having higher melting points will take more time to melt, the fats with lower melting point will melt quickly (Flack 1988) . Nadeem et al. (2010) made functional ice cream from milk fat and rape seed oil blends and observed that the samples of ice cream augmented with rape seed oil melted more quickly than control. The short chain fatty acids have low melting point as compared to long chain saturated fatty acids (McSweeney and Fox 2003) . Melting point of modified milk fat of both the experimental samples was progressively decreased as the concentration of long chain unsaturated fatty acids was increased through feeding of CSFA. Most of the contribution in the decline of melting point of the modified versions of fats was due to higher concentration of oleic acid which has melting point (4.5°C) as it was the most dominant fatty acid in the modified fats. Another reason for the decline of melting point of the modified fats was due to the relatively lower concentrations of stearic acid which has high melting point (63°C). The melting point of modified fats could not increase even though the concentration of short chain fatty acids was decreased because of the above mentioned possibilities. Change of fatty acid composition from more saturated to more unsaturated fatty acids have a definite and pronounced effect on the melting time, viscosity and overrun of ice cream at T 2 level. Fats having lower melting characteristics are considered more healthful than those who have higher melting points (Ghatak and Bandyopadhyay 2007) .
It is obvious from the results of sensory evaluation that addition of milk fat with modified fatty acid profile obtained through feeding CSFA in ice cream did not have any significant negative effect on color score. Color score of control and T 2 was 7.8±0.65 and 7.6±0.45. Gonzalez et al. (2003) incorporated milk fat in ice cream with modified fatty acids achieved by feeding diet high in oleic and linoleic acid and reported non significant difference in all the samples and control with respect to this parameter. It was concluded that rumen protected feed rich in unsaturated fatty acids can be successfully used as viable technology to transfer healthy fatty acids of milk to fat rich dairy products. Taste score of T 1 and T 2 was significantly influenced from control. The highest taste score was obtained by control followed by T 1 and T 2 . Milk fat is unique among the edible fats for having appreciable amount of short chain fatty acids like butyric, capric, capryllic, caproic acids which are responsible for characteristics flavor of milk and milk products Marshall et al. (2003) . T 1 and T 2 have significantly lower concentrations of short chain fatty acids (Table 1 ) and higher concentrations of long chain fatty acids which resulted in lower sensory scores of these treatments. Some of the panelists criticized T 2 for not having typical taste of milk fat. Fatty acid profile of milk can affect the flavor of dairy products Hillbrick and Augustin (2000) especially the unsaturated fatty acids are succeptible to autoxidation can develop oxidized, oily, metallic and stale flavor in dairy products. Chen et al. (2004) studied the quality of ice cream made from milk with modified fatty acid profile through feeding and reported that sensory score of ice cream made from milk with higher proportions of unsaturated fatty acids was significantly less (P<0.05) than control. Modified fats develop rancid flavor more quickly than control. Firmness of the ice cream was determined by scoop test at −18°C and all the samples along with control were at par with each other (P>0.05) with respect to this parameter. Gonzalez et al. (2003) investigated the influence of milk with modified fatty acids on firmness of ice cream and observed non significant variation in firmness when high oleic and linoleic acids milk fat was incorporated into ice cream. Gonzalez et al. (2003) while studying the impact of textural properties of ice cream made from milk with modified fatty acids profile reported that firmness of all the experimental samples were almost same between temperature of −13 to −17°C. The incorporation of milk with modified fatty acids at T 2 level significantly decreased the overall acceptability score. Rodriguez et al. (1991) studied the use of vegetable oils in ice manufacturing and found that overall acceptability of the all the treatments was less than control. Nadeem et al. (2010) during the partial replacement of milk fat with rape seed oil recorded lower values of sensory scores for experimental samples than control.
Conclusion
From the results of Tables 2 and 3 it is obvious that inclusion of calcium salts of fatty acids at both levels (T 1 and T 2 ) significantly decreased the concentration of short chain fatty acids and momentously increased the content of long chain fatty acids in milk. Milk with modified fatty acid profile did not have any adverse effect on compositional attributes, pH and acidity of ice cream. Viscosity, overrun and melting time of T 1 was not significantly influenced from control. The overall acceptability score of T 2 was 7.1 out of 9 (total score) which was more than 78 % hence, milk with modified fatty acid profile may be successfully used in the formulation of ice cream, with increased health benefits and acceptable sensory characteristics.
